On 28 A p r i l 1988, t h e U.S. Coast Guard n e g o t i a t e d a proposal with t h e Soviet
I. INTRODUCTION The U.S. Coast Guard and agencies of t h e Soviet
Union have c a r r i e d on a dialogue concerning radionavigation s i n c e 1980. Most of t h e e f f o r t up t o 1987 focused on s t a n d a r d i z a t i o n of s i g n a l c h a r a c t e r i s t i c s and the avoidance of mutual i n t e r f e r e n c e , both from each o t h e r ' s Loran-C/ Chayka, a s w e l l a s t h i r d p a r t y r a d i o sources. In August, 1987, 
i n Washington D.C., t h e S o v i e t s proposed t h a t both c o u n t r i e s j o i n i n a c t u a l o p e r a t i o n s . They suggested t h e United S t a t e s and t h e Soviet Union e f f e c t j o i n t Loran-C/Chayka c h a i n s by d u a l -r a t i n g e x i s t i n g s t a t i o n s . The Coast Guard agreed t o consider j o i n t o p e r a t i o n s with Loran s t a t i o n s i n Alaska.

Both p a r t i e s m e t a g a i n i n A p r i l , 1988, i n Leningrad, and presented t h e i r c h a i n c o n f i g u r a t i o n o p t i o n s . After much e n t h u s i a s t i c d i s c u s s i o n , a chain c o n f i g u r a t i o n was agreed upon made up of t h e Chayka s t a t i o n s a t Petropavlovsk (Kamchatka penins u l a ) as master and K u r i l s k ( K u r i l I s l a n d s ) a s secondary, with the Loran s t a t i o n a t A t t u (Alaska)
as t h e o t h e r secondary. The i n c l u s i o n of t h e Chayka s t a t i o n a t Aleksandrov was agreed on as a test s t a t i o n and secondary u n t i l upgrades a t t h e low power Chayka s t a t i o n a t K u r i l s k boost t h a t s t a t i o n ' s power t o provide adequate range.
This agreement was signed a t t h e May, 1988, Moscow summit. Considerable d e t a i l s remain t o be worked o u t ; a monitor scheme needs t o be f u l l y developed, command and c o n t r o l , and o p e r a t i o n a l d o c t r i n e s must be d e f i n e d , and r e c e i v e r t e s t i n g must be c a r r i e d out. The Coast Guard f o r e s e e s t h a t t h e i n i t i a l equipment i n s t a l l a t i o n t o dual-rate Attu w i l l be completed i n 1990.
TECHNICAL DIFFERENCES BETWEEN
CHAYKA AND LORAN-C S t a n d a r d i z a t i o n o f t h e two systems has r e s u l t e d i n e s s e n t i a l l y i d e n t i c a l s i g n a l format with r e s p e c t t o phase code, group format, and Group R e p e t i t i o n I n t e r v a l (GRI). H i s t o r i c a l d i f f e r e n c e s i n Chayka and Loran-C t r a n s m i t t e r development, however, have r e s u l t e d i n d i f f e r e n c e s i n pulse shape between t h e two systems.
Chayka t r a n s m i t t e r s a r e of two types, tube and Thyratron. The envelope of t h e s i g n a l s formed by tube t r a n s m i t t e r s a r e approximated by t h e secondo r d e r exponential power f u n c t i o n ( 2 ) : where U i s pulse amplitude, and tm i s the time t o peak of pulse. m Thyratron t r a n s m i t t e r s g e n e r a t e a s i g n a l by impact e x c i t a t i o n o f a two o r three-pole output c i r c u i t . The envelope i s approximated by an exponential-sinusoidal f u n c t i o n ( 2 ) :
where a and b are chosen t o determine s t e e p n e s s of growth and speed of a t t e n u a t i o n of t h e generated pulses, and n=l f o r two-pole output networks, and n=2 f o r three-pole networks( 2).
Loran-C p u l s e envelopes are approximated by:
The issue of pulse shape i s c r i t i c a l f o r r e l i a b l e s i g n a l a c q u i s i t i o n . The r e c e i v e r chooses t h e c o r r e c t c a r r i e r c y c l e zero-crossing f o r t r a c k i n g by determination of a well-defined slope on t h e pulse envelope. Error o r d i s t o r t i o n i n pulse shape from that d e f i n e d , o r expected by t h e r e c e i v e r , can cause t h e r e c e i v e r t o l o c k onto t h e wrong c y c l e zero-crossing.
This c y c l e s e l e c t i o n e r r o r causes e r r o r s i n increments of 10 microseconds. The shape of t h e l e a d i n g edge of p u l s e s t r a n s m i t t e d from an i n d i v i d u a l s t a t i o n must be s t a b l e , and a l s o must be i d e n t i c a l t o w i t h i n a few per c e n t of RMS d i s t o r t i o n , t o t h e p u l s e s from o t h e r t r a n s m i t t e r s . A s t a b l e p u l s e shape t h a t provides f o r c o n s i s t e n t a c q u i s i t i o n of a p a r t i c u l a r c y c l e zero-crossing is r e q u i r e d , t o t h i s end, modern r e c e i v e r design can customize s i g n a l a c q u i s i t i o n firmware to allow f o r d i f f e r e n c e s in s t a b l e Chayka and Loran-C pulse shapes. A r e c e i v e r test performed and r e p o r t e d on by Soviet e n g i n e e r s sheds l i g h t on t h e a b i l i t y o f Loran-C r e c e i v e r s t o use Chayka s i g n a l s .
Receiver T e s t i n g by t h e Soviet Union
In Leningrad, V. Bikov, of t h e Soviet M i n i s t r y of Marine F l e e t , r e p o r t e d on t e s t s he conducted on t h e a b i l i t y of commercial Loran-C r e c e i v e r s t o r e c e i v e Chayka s i g n a l s , Summarized from h i s informal r e p o r t :
Several tests were c a r r i e d out on t h e o p e r a t i o n o f Loran-C r e c e i v e r s w i t h Chayka s i g n a l s using t h e LR-770 r e c e i v e r (produced by Furuno, Japan) and LC-70, LC-80, LC-90, and LC-1000 r e c e i v e r s (produced by Furuno, Japan).
The r e c e i v e r s were designed f o r o p e r a t i o n w i t h Loran-C s i g n a l s . Geographic l o c a t i o n s f o r t h e Chayka s t a t i o n s of c h a i n s 8000 and 7950 were e n t e r e d i n t o t h e LC-90 and LP-1000 r e c e i v e r s by Furuno a t t h e r e q u e s t of t h e Soviet e n g i n e e r s t o provide c o o r d i n a t e conversion.
The purpose of t h e tests was t o e s t i m a t e Loran-C r e c e i v e r s ' c h a r a c t e r i s t i c s o p e r a t i n g with Chayka s i g n a l s , and t o compare t h e r e s u l t s w i t h those from t h e r e c e p t i o n of Loran-C s i g n a l s .
The most comprehensive tests were c a r r i e d o u t w i t h t h e LC-90 and LP-1000 r e c e i v e r s d u r i n g 20 March-20 A p r i l 1988, using t h e 7950 Eastern USSR Chayka Chain. -The p r o b a b i l i t y of c o r r e c t c y c l e s e l e c t i o n was up t o 97% a t a range o f 900 n a u t i c a l miles i n t h e main coverage a r e a .
-Groundwave s i g n a l s f r o m Chayka s t a t i o n s were received by t h e LC-90 and LP-1000 r e c e i v e r s a t ranges up t o 1000-1170 nmi w i t h a p r o b a b i l i t y of 95%.
Engineer Bikov concludes: "These tests of Loran-C r e c e i v e r s demonstrated t h a t t h e Chayka system s i g n a l s are received and processed by Loran-
provide n o t i c e s t o u s e r s / m a r i n e r s / a v i a t o r s a s well as planned o f f -a i r n o t i f i c a t i o n and s o l i c i t a t i o n procedures must be developed and agreed upon. c o n t r o l and communications s t r u c t u r e , i n c l u d i n g a c i v i l user i n t e r f a c e , may be a c o n s i d e r a b l e hurdle.
The j o i n t command,
PROPOSED CONFIGURATION,
BERING SEA (BERSEA) CHAIN 
The published coverage of t h e Chayka Eastern Chain and t h e computed coverage f o r t h e Loran-C North P a c i f i c c h a i n (NORPAC, 9990) shows a gap i n coverage about f i v e hundred n a u t i c a l miles wide t o t h e s o u t h of t h e l i n e between Petropavlovsk and A t t u ( f i g u r e 1). Without t h e Eastern USSR c h a i n , t h e r e i s a gap between t h e Coast Guard's Northwest P a c i f i c Chain (NORWESPAC, 9970
) and NORPAC about 750 n a u t i c a l miles wide. According t o t h e computed coverage l i m i t s , NORPAC provides s a t i s f a c t o r y marine coverage over e s s e n t i a l l y a l l t h e Bering Sea.
Table 1 l i s t s t h e s t a t i o n s in t h e proposed Bering Sea Chain with s t a t i o n d e s i g n a t i o n s . The proposed f u n c t i o n s were chosen t o avoid confusion w i t h t h e d u a l -r a t e d e s i g n a t i o n s .
Since the b a s e l i n e d i s t a n c e s f o r t h e t h r e e b a s e l i n e s a r e about e q u a l , minimum G R I should n o t be m a t e r i a l l y a f f e c t e d by the o r d e r i n g of t h e secondaries. Power i s peak-radiated-power (PRP). See r e f e r e n c e 2 Assumes agreed upon equipment upgrades, p r e s e n t PRP is 6kW(2). Assumes t r a n s m i t t e r s a r e replaced w i t h 400 k W AN/FPN-44A8s, p r e s e n t PRP i s 325 kW (4) . See r e f e r e n c e 4
Figures 1 and 2 a r e coverage l i m i t diagrams. For e a s e of computation, and c o n s i d e r i n g t h a t t h e paths t o t h e i n t e r n a t i o n a l marine and a v i a t i o n user a r e a s a r e over water, coverage computations f o r f i g u r e 1 i s on a l l seawater paths. Figure 2 
t a k e s i n t o account t h e land path over t h e Kamchatka Peninsula. Noise v a l u e s f o r range computations
were taken from r e c e n t l y published information ( 3 ) .
The coverage shown f o r t h e e x i s t i n g Chayka Eastern USSR Chain (7950, master a t Aleksandrov) i s t r a n s c r i b e d from r e f e r e n c e 2. The coverage f o r t h e e x i s t i n g Loran-C c h a i n s and proposed j o i n t c h a i n is based on new computations using n o i s e v a l u e s r e c e n t l y a v a i l a b l e ( 3 ) . Information on l o c a t i o n , and present f u n c t i o n ( i . e . secondary d e s i g n a t i o n ) of e x i s t i n g s t a t i o n s is from r e f e r e n c e 4 f o r Coast Guard s t a t i o n s and r e f e r e n c e 2 f o r Soviet Chayka s t a t ion s .
IV. MONITOR AND CONTROL
Soviet and Coast Guard monitor and c o n t r o l philosophies d i f f e r . The Coast Guard c o n t r o l s time-difference (TD) in t h e s e r v i c e a r e a from a system a r e a monitor (SAY); in t h e Chsyka method, time d i f f e r e n c e s a r e measured a t each end of a b a s e l i n e and communicated to t h e secondary s t a t i o n .
These time d i f f e r e n c e s a r e combined a l g e b r a i c a l l y t o e x t r a c t coding d e l a y (CD) and emission d e l a y (ED). Control a c t i o n i s provided t o keep emission delay c o n s t a n t (6). Desired emission d e l a y i s recomputed p e r i o d i c a l l y , based on monitor d a t a from t h e user a r e a , to remove seasonal propagation e f f e c t s .
In c o n f i g u r i n g a j o i n t Loran-C/Chayka c h a i n , t h e question a r i s e s of how to c o n t r o l t h e i n d i v i d u a l b a s e l i n e s of such a chai3. In p r i n c i p l e , t h e most a c c e p t a b l e s o l u t i o n is t o c o n t r o l b a s e l i n e s of two Chayka s t a t i o n s ( o r two Loran-C stations) by the means of t h e i r r e s p e c t i v e systems, and c o n t r o l b a s e l i n e s of a Chayka master and a Loran-C secondary in t h e Coast Guard manner. In t h e Attu/Kamchatka case, e s p e c i a l l y c o n s i d e r i n g t h e d i f f i c u l t i e s of communicating a c r o s s t h e i n t e r n a t i o n a l d a t e l i n e , it seems e a s i e s t f o r both p a r t i e s i f t h e Coast Guard simply c o n t r o l s t h e t i n e d i f f e r e n c e of the proposed secondary by t r a c k i n g t h e Chayka master.
Where should a SAM r e c e i v e r be placed f o r c o n t r o l of t h e Attu/Kamchatka b a s e l i n e ? An i d e a l geographic l o c a t i o n f o r a primary monitor f o r t h e BERSEA Master-Yankee (MY) b a s s l i n e is on t h e Komandorskie Ostrova (Comnander I s l a n d s ) . These I s l a n d s a r e about twelve n a u t i c a l miles n o r t h of t h e MY b a s e l i n e on t h e baseline-perpendicular. However, communications and physical a c c e s s problems appear t o be c o n s i d e r a b l e . These d i f f i c u l t i e s , p l u s t h e i n s t a l l a t i o n c o s t of a new monitor s i t e a t Komandorskie Ostrova, suggest t h e use of t h e e x i s t i n g NORPAC monitors a t Adak and t h e a d d i t i o n of a n e a r -f i e l d monitor on A t t u I s l a n d i t s e l f .
Adak would be on t h e BERSEA (MY) b a s e l i n e extension. Placement of a monitor on t h e b a s e l i n e e x t e n s i o n results, e f f e c t i v e l y , t n c o n t r o l of coding d e l a y r a t h e r than c o n t r o l of s e r v i c e a r e a time d i f f e r e n c e . The Coast Guard g e n e r a l l y t r i e s t o avoid t h i s type of c o n t r o l from a primary monitor because changes in propagation i n the path from t h e t r a n s m i t t i n g s t a t i o n t o t h e monitor can cause t r a n s l a t i o n a l s h i f t s over the e n t i c e hyperbolic time d i f f e r e n c e g r i d with t h e g r e a t e r d i s t o r t i o n & t h e s e r v i c e a r e a .
monitor in t h e s e r v i c e a r e a c l o s e t o t h e baselineperpendicular would be expected not to t r a n s l a t e t h e g r i d but only t o s t r e t c h it a minimal amount with t h e least amount of d i s t o r t i o n i n t h e s e r v i c e area. F o r t u n a t e l y , t h e environmental e f f e c t s t h a t cause t h e s e changes a r e such phenomena a s sudden ionospheric d e p r e s s i o n s (SID), and f r e e z i n g o r snow cover 3f a land path.
SIDS a r e confined t o lower l a t i t u d e s , and t h e r e i s l i t t l e land from Petropavlovsk t o A t t u o r Adak, where t h e waters a r e a l s o i c e -f r e e .
In c o n t r a s t , a
Attu-Kamchatka Signal Study To observe Chayka s i g n a l s t a b i l i t y , an a d d i t i o n a l back-up c o n t r o l r e c e i v e r was i n s t a l l e d a t t h e Loran S t a t i o n a t A t t u t o r e c e i v e the s i g n a l t r a n s m i t t e d from Petropavlovsk and t r a c k i t r e l a t i v e to t h e Loran-C t h e base a t A t t u . To do t h i s , a l o c a l t r i g g e r s i g n a l a t the Chayka Eastern Chain (7950) r a t e was provided by a r a t e generator t i e d to A t t u ' s cesium frequency standard s u i t e . This test c o n f i g u r a t i o n simulated t h e t r a c k i n g of Petropavlovsk, 3 s a master, by A t t u , a s a secondary. The r e c e i v e r used, t h e Austron ZOOOC, i s a manual lock-on, l i n e a r , time-of-arrival r e c e i v e r .
The study showed t h a t the Soviet s i g n a l from Petropavlovsk can be e a s i l y locked onto and tracked by t h e Coast Guard's standard back-up c o n t r o l r e c e i v e r a t the secondary end of t h e b a s e l t n e . The study a l s o showed t h a t the Chayka s i g n a l timing i s s u f f i c i e n t l y synchronous to u n i v e r s a l time (UTC) t o 6 . " M a t e r i a l s For The Agreement Between The provide f o r t r a c t a b l e c o n t r o l . In f a c t , USSR and t h e United S t a t e s Of America On J o i n t Use
